Computer-aided active-site-directed modeling of the herpes simplex virus 1 and human thymidine kinase.
Thymidine kinase (TK), which is induced by Herpes Simplex Virus 1 (HSV1), plays a key role in the antiviral activity of guanine derivatives such as aciclovir (ACV). In contrast, ACV shows only low affinity to the corresponding host cell enzyme. In order to define the differences in substrate binding of the two enzymes on molecular level, models for the three-dimensional (3-D) structures of the active sites of HSV1-TK and human TK were developed. The reconstruction of the active sites of HSV1-TK and human TK were developed. The reconstruction of the active sites started from primary and secondary structure analysis of various kinases. The results were validated to homologous enzymes with known 3-D structures. The models predict that both enzymes consist of a central core beta-sheet structure, connected by loops and alpha-helices very similar to the overall structure of other nucleotide binding enzymes. The phosphate binding site is made up of a highly conserved glycine-rich loop at the N-terminus of the proteins and a conserved region at the C-terminus. The thymidine recognition site was found about 100 amino acids downstream from the phosphate binding loop. The differing substrate specificity of human and HSV1-TK can be explained by amino-acid substitutions in the homologous regions. To achieve a better understanding of the structure of the active site and how the thymidine kinase proteins interact with their substrates, the corresponding complexes of thymidine and dihydroxypropoxyguanine (DHPG) with HSV1 and human TK were built. For the docking of the guanine derivative, the X-ray structure of Elongation Factor Tu (EF-Tu), co-crystallized with guanosine diphosphate, was taken as reference. Fitting of thymidine into the active sites was done with respect to similar interactions found in thymidylate kinase. To complement the analysis of the 3-D structures of the two kinases and the substrate enzyme interactions, site-directed mutagenesis of the thymidine recognition site of HSV1-TK has been undertaken, changing Asp162 in the thymidine recognition site into Asn. First investigations reveal that the enzymatic activity of the mutant protein is destroyed.